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Introduction

The use 0f noactal hydnides as negative electrodes in alkaline
rechargeable cells 1S becoming increasingly popular, due to
several  advantages offered by t h e. metal hydrides  over
conventional anode materials (such as 7n, Cd) in terns of specific
cnergy environmental cycle life. and compatibility. Besides, the
similaritics in the cell voltag ¢, pre ssure characteristi ¢s and charge
controlmcethods of the Ni-MIH cells to the commonly used Ni-Cd
pointto a p rojected take over of 25% of the Ni-Cd naarket for
consumci electronics by the Ni-MH cel s in the. next couple of
yoars.

Twoclasses Of metal hydrides alloys based on rare ear thmetals
(Al 1)1 and titanivm (AB,)Y3 are being currently developed at
various laboratorics.  AB, alloys exhibit higher specific encrgy
than the AR alloys but the. state of the art commercial Ni-Mtl
cells are predominantly manufactured using ABg aloys. The ABq
aloys arc cssen tially based cm LaNig with various substituents for
laas well as Ni to stabilize the alloy during charge- discharge
cycling, by reducing the internal stress on hydrogen absorption
and/or for ming protective surface filr s, For exatuple, the
vol ume cexpansion in the unit cell is reduced by a partial
substitution of Ni with Co and the interfacial prope tiics improved
with smallamounts of Al m Sit),  Sakai ¢t al® studicd the
ternary alloys with diffetent ierary solutes including Mn, Cr, Al
Coand (u. The cycle life improves upo nthe substitution of Ni
with the temary solute inthe order Mn < Ni < Cu < Cr < Al <
Co. A substitution of the rare carth metal site with 1109, 7646, o
other lanthanides such as NdD and Cel may promote the
formation of a protective surface film and enbance the cycie life,
This eventually led to the use Of relatively inexpensive misch
thictal, M @ naturally occurring mixture Of rare earth metalsIa,
Ce,Prand Nd) forlain the adloy formulations such as (Mm)(Ni-
Co Mn Al RO,

In peneral, the beneheial effect of the substituents for cither 14
otNiis accornpani ¢d by anundesirabledecrease il th ¢ hydrogen
absorption capacity, long activation and slow kin cti ¢g of hydrogen
absorption and desorption. In our recent communic ation(10) we
described the advantages associated with Sn as a ternary additive.
“1 he addition of small amounts (3.5 a%) of Snimproves the eycle
life, with marginal reduction in th e specific capacity and no
reduction in the kinetics of absorption and desorption.  In this
paper, we willcompate the propertics of 1.a-Ni-Sn alloys to the
MinNig-based alloys, present further stodies on the Sn-modificd
ABg alloys 0 f differing Sn contents and report the effect of
overcharge o the cycte life.

Experimental

The 14INi~XSrIX aloys were preparcd in anarc-melting furnace
and anncaled in vacuum at 950°C fo1 72 hours. The alloys were
then et ushed to 1() mesh in an argon glove box, followed by
several hydrogen absorption- desorption cycles to optimize the
powdet ‘6 surfaccarea.  The fine alloy powder (<75pm) was
mixed with 19% conductive diluent, 1.€. INCO nickel powder
(1 pn), and 5% Tefionbinder. The electrodes were fabricated by
hot-pressing the mixture onto an expanded N i screen. The
clectiodes for the basic electrochernical studies were fabricated by
filling the BAS disk electrodes with electiode powders of equal
quantitics to ensure consistent values for the electr ode area (().(17
cm?yand porosity. The Ni-Mi 1 test cells (~250 mAh) contained
exeess positive eleet ode (NIiQOI 1), excess elect olytle 3 1 %
KOI), and a 1 190/ 12 reference electrode. Cycling of the cells
was cartied out using ar in-house automatic batler v cyclcl at
constant current (4 mA cm?, C/5 rate) 1o a cut off voltage of 0.5
V vs. the reference electrode during discharge and to a fixed
charge return. DC polarization expetiments were per formed
using an HG&G 273 Galvanostat/Potentiostat interfaced to an
IBM-PC.

Results and Discussions

The press ut o compaosition isothet ms obtained from the gas phase
studics as well as the clectiocherical isotherms indicate that the
cquilibriurn pressure 0 f 1 .aNig during hydrogen absotption
deerea ses upon e substitution of small amounts of Ni with Sn,
Accordingly, the chargcability of the Mil electrode in the present
cell configut ation i s expected 10 improve in the Sn-modificd
alioys. Indeed, the speeific capacity Of the Snmodified alloys
obtained from the charge-discharge tests is high both in the
flooded cell and prismatic configuration aud is in the range of
275-300 miAW/g (Fig. 1). Thisis noticeably higheithan even
some of the state-of the-ari, mischinclal based, Al MH alloys
cvaluated at JPL.

P ther, the capacity retention during charge-discharge cycling is
vastly improved upon (he. addition of Sri; the capacity after 75
cyclesis wellover 2(K) mAhg.  Suetyimprovement in the cycle
life Upoty Snaddition was also observed with multi-component
alloys(h D, We have preliminary evidence that the cycle rire is
dependent on the extent o 0vel charge.  The capacity after 75
cycles ishighctm the cell subjected to 1] 5% charge return, as
compared 10 125% charge ret umn (Fig. 2). The evolution 0f
hydrogen during over charge might be causing & shedding of the
el cetrode material by erosion. Despite the fact the Ni-M1 sealed
containg excess NCEA tive capacity 10 Pre vent such hydrogen
evolution althenegalive, this may occurbe ix‘1 the Jater stages of
cycling.

In addition 1o improvements in the initial capacity and capacity
retention, the addition of Snhas caused no problems related to
activation and kinetics. Instead, the alloy exhib iied a high init jal
capacity in the first discharge (l'ig. 2) and also faster kinetics (Fig.
3) . The polarization resistance obtai ned from DC polarization
exper iments eveal a Jow ¥alue for the Sn- modified alloy as
compar ed to either the binary alloy @ 1 even soine of the state of
the &t tmisch metal had ABg alloys cvaluated at JPL. The
improved kineties for hydrogen absorption / desorption proce sses
atthe Sn- modified MH clectrode are evidentalso from the high
discharge capacitics obtained al €2 rate (1 ? mA/cm?) 8%
compared [ (1 the C/5 rate (4 1\ Afem?) used for the multi-



component aloys. The high discharge voltages of Sn-containing
alloys during anodic polarization (discharge) of Ml 1 disk
clecti odes further illustrate the improved kinctics at the Mt
clectrodeupon the addition of Sn.

Studics arc currently underway detenming the Sncontent in the
Mt | aloy that will optimize the cycle life, specific capacity and
kinetics of absorption and desorption. We are also examining the
beneficial effect of Snwhen misch mictal is substituted for 1a, the.
composition of the misch metal having been optimized in out
catlier studics cm various ABs M} 1 alloysU?. Other aspects
related to the oxidative stability Of the M | 1 alloys and the
diffusivity of hydiogenin the Ml 1 alloys are being examined in the
Sn-modified alloys and compared with to results fi om various
A M dloys.
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Yip. 2 - Varlation of the specific capacity of 250 mAb, nepative-lin Wed
cells contalning LaNiggSng, Ml alloy, at (/2 rate (12 mA/an?) to 0.5 V
vs. /120 on discharge qnd t0 1) 128% and 2) 115% charge return.
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IFig. 3 : Comparldon of polarization  resistance  from  DC

micropolarlzation studies, of 1) binary LaNig and the state-of-the-art
misch metal based, AB; MH allays (2-6) and 7)] ANy gSny 5.
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Fig. a : Comparision of discharge curves at 80 ;A/7cim? of 1) bluary
1.aNig and the state- o qlc.art misch metal based, AB; MH alloy disk
electrodes (2-6) with 7) 1.aNig (Sng 5.




